We present optical transmission measurements that reveal a charge gap of 0.86 eV in the local moment antiferromagnetic insulator BaMn2As2 , an order of magnitude larger than previously reported. Density functional theory plus dynamical mean field theory (DFT+DMFT) calculations correctly reproduce this charge gap only when a strong Hund's coupling is considered. Thus, BaMn2As2 is a member of a wider class of Mn pnictide compounds that are Mott-Hund's insulators. We also present optical reflectance for metallic 2% K doped BaMn2As2 that we use to extract the optical conductivity at different temperatures. The optical conductivity σ1(ω) exhibits a metallic response that is well described by a simple Drude term. Both σ(ω→0, T) and ρ(T) exhibit Fermi liquid temperature dependencies. From these measurements, we argue that a more strongly correlated Hund's metal version of the parent compounds of the iron pnictide superconductors has not yet been realized by doping this class of Hund's insulators.
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The discovery of high temperature superconductivity (HTSC) upon doping the parent compounds of metallic Fe-based materials challenged the validity of a Mott insulator picture as an appropriate starting point for an explanation of HTSC phenomena [1, 2] . It was soon recognized that a multi-orbital picture must be adopted and the correlations in Fe-based compounds arise from Hund's coupling that promotes a correlated metallic state away from half filling [3, 4] . These observations led to extensive investigations of the half-filled layered Mn pnictide systems where Hund's coupling promotes an insulating state with a charge gap on order of 1 eV [5, 6] . By analogy with the cuprates, it was hypothesized that doping these Hund's insulators across a metal-insulator transition, with a concommitant suppression of the magnetic order, could lead to a superconducting phase.
Layered insulating Mn pnictide systems like LaMnPO [5] and BaMn 2 As 2 [7] that adopt the ZrCuSiAs and ThCr 2 Si 2 structure types have been the subjects of the most thorough investigations, as they are isostructural with the parent compounds of the Fe-based HTSC. Significant charge fluctuations have been reported in the antiferromagnetic insulator LaMnPO, as evidenced by the ordered moment of 3.2 µ B , substantially reduced from the high spin value of 5 µ B expected from Hund's rules [8] . However, the direct charge gap of 1 eV and the ordered moment are only marginally reduced by the introduction of as much as 28% fluorine in LaMnPO 1−x F x [9] . Here, the stability of the gap to chemically doping has been ascribed to the strength of Hund's coupling, in agreement with density functional theory plus dynamical mean field theory (DFT+DMFT) calculations [5] . Chemical doping of the antiferromagnetic insulator BaMn 2 As 2 [7] met with even less success, with initial reports that limited amounts of most dopants could be incorporated into the structure with only marginal effects on the electronic properties [10] .
This was perhaps unsurprising as BaMn 2 As 2 has a much larger ordered moment (3.9 µ B /Mn) and ordering temperature (T N = 625 K) [11] than LaMnPO, suggestive of weaker charge fluctuations and a more robust charge gap. However, the direct charge gaps in BaMn 2 As 2 reported from optical reflectance (0.024 eV [12] ), ARPES (0.15 eV [14] ) and DFT (0.1 eV [15] , 0.058 eV [14] ), are an order of magnitude smaller than those found in related Mn pnictide systems such as LaMnXO (X = P, As, Sb) [16] . These results suggest BaMn 2 As 2 could be unique amongst Mn pnictide systems, prompting our optical transmission and reflectance measurements that provide a direct measurement of the charge gap. Further, it was reported from electrical resistivity measurements that the introduction of only 2% K in BaMn 2 As 2 is sufficient to drive a metal-insulator transition and reveal an antiferromagnetic local moment metallic state with T N almost unaffected [14] .
We present optical transmission and reflectance measurements and DFT+DMFT calculations to clarify the origin of the charge gap in undoped and insulating BaMn 2 As 2 , as well as the nature of the metallic state induced by 2% K doping. Our optical transmission measurements determine a charge gap of 0.86 eV in undoped BaMn 2 As 2 , an order of magnitude larger than previous reports [12] square-net Mn compounds [16] . DFT+DMFT calculations correctly reproduce the measured charge gap only when a large J H = 0.9 eV is included, as well as Hubbard U = 8 eV. We also present optical reflectance measurements on a 2% K doped single crystal that find metallic behavior characterized by the appearance of a Drude peak. The optical conductivity σ(ω) is extracted from the reflectance by Kramers-Kronig analysis and we find that σ 1 (ω) is well described by a single Drude term. The quadratic temperature T-dependence of both the electrical resistivity and σ 1 (ω → 0) is as expected for a Fermi liquid for T = 1.8 K -300 K.
We grew single crystals of BaMn 2 As 2 and 2% K doped BaMn 2 As 2 from a Sn flux as detailed elsewhere [7] . The presence of 2% K was confirmed by energy dispersive x-ray spectroscopy using a SEM JEOL 7600F, and the ThCr 2 Si 2 structure [17] was confirmed by x-ray diffraction using a Bruker D8 Advance. Electrical resistivity measurements were performed using a Quantum Design Physical Properties Measurement System. Optical reflectance measurements were performed on Bruker IFS 113v and Vertex 80v Fourier transform spectrometers. Reflectance was measured on polished single crystal samples at a near-normal angle of incidence from 2 meV to 3 eV using an in situ overcoating (overfilling) technique [18] . Infrared transmission measurements were carried out on single crystals of BaMn 2 As 2 using a Bruker LUMOS FT-IR Microscope with a KBr window. These data were normalized to an open channel by keeping all other conditions the same but moving the sample out of the way.
The electronic structure of BaMn 2 As 2 was determined using DFT + DMFT [19, 20] , which is based on the full-potential linear augmented plane wave method implemented in Wien2K [21] , using the generalized gradient approximation to the exchange-correlation functional [22] . We use the atomic positions taken from the experimentally determined crystal structure [17] . The convergence of the calculations with respect to number of k points, charge density, total energy, Fermi level, selfenergy reached a level similar to previous publications [8, 23] . Figure 1 shows that BaMn 2 As 2 is an insulator. The electrical resistivity ρ(T) measured with the current in the ab plane is presented in Figure 1a and is found to increase with decreasing temperature T. The inset shows that at low temperatures ρ(T) is well descibed by activated T-dependence ρ ∝ exp( A / k B T), with an activation gap A = 13 meV, in reasonable agreement with previous reports [7] . Figure 1b presents high resolution optical reflectance of a single crystal of BaMn 2 As 2 as a function of wavenumber for T = 6 K -295 K. The reflectance is as expected for an insulator and exhibits little T-dependence. We have not been able to reproduce the T-dependent reflectance or the broad hump centered at 500 cm −1 previously reported [12] . We emphasize that we used single crystals for our optical spectroscopy and ρ(T) (Fig 1a) measurements that were taken from the same batch. Room temperature optical transmission as a function of wavenumber is presented in Figure 1c . At ≈ 6500 cm −1 a rapid decrease of transmission is observed, consistent with the onset of absorption due to optical excitations across a charge gap ∆ = 0.86 eV, significantly larger than the previously reported charge gap of 0.024 eV [12] . Figure 1d shows that the reduced transmission below ≈ 3000 cm −1 is well accounted for by a model of Kramers-Kronig oscillators including some small intragap absorption due to in gap states or Sn inclusions [13] . Figure 2a , we present a DFT+DMFT calculation for Hubbard U = 8 eV with no Hund's term (J H = 0). Several bands are crossing the Fermi level, and so BaMn 2 As 2 is predicted to be metallic, contrary to our resistivity and optical spectroscopy measurements that find insulating behavior. Figure 2b presents DFT+DMFT calculations for Hubbard U = 8 eV and J H = 0.9 eV, showing that the inclusion of Hund's coupling severely modifies the band structure. Since no bands cross the Fermi level, BaMn 2 As 2 is found to be an insulator in agreement with experiments. Further, a direct charge gap of ≈ 0.8 eV (Figure 2c ) is found at the Γ point that is in excellent agreement with the experimental value ∆ = 0.86 eV found from our optical measurements presented in Figure 1 .
Using our experimental and theoretical results, we now situate BaMn 2 As 2 amongst archetypal layered Mn pnictide compounds LaMnXO and BaMn 2 X 2 (X = P, As) (Figure 2d ). First, we discuss the experimentally determined activation gaps A and charge gaps ∆. The A determined from electrical resistivity measurements in the ab plane range from 0.027 -0.2 eV, while the optical gaps range from ∆ = 0.86 -1.4 eV. Thus, A likely corresponds to the energy differences between in-gap states, possibly from impurities, and the conduction band edge. In contrast, ∆ corresponds to the direct charge gap that separates the valence and conduction bands. Spin polarized DFT calculations find a direct charge gap of similar magnitude to the activation gaps, which is order of magnitude smaller than the experimentally determined charge gaps. On the other hand, DFT+DMFT calculations including a strong Hund's coupling correctly reproduce the measured charge gap. These calculations assert that Hund's coupling is crucial to properly understand the insulating state of Mn pnictide systems [5, 24] . It has also been emphasized that Hund's coupling is responsible for the mass enhancement observed in the parent compounds of the iron pnictide superconductors [23] . Thus, driving the strongly correlated Mn pnictide Hund's insulators across an electronic delocalization transition where ∆→0 could potentially lead to a more correlated Mn version of the Fe pnictides [25] , and perhaps even higher temperature superconductivity. While a metal-insulator transition has been realized in K-doped BaMn 2 As 2 , this sample was not found to be superconducting [14] . We now present ρ(T ) and optical spectroscopy measurements that address the metallization of 2% K doped BaMn 2 As 2 .
The temperature dependence of the electrical resisitivty of 2% K doped BaMn 2 As 2 is presented in Figure 3a . A metallic ρ(T ) = ρ 0 + A T 2 temperature dependence typical of a Fermi liquid is observed, with A = 0.09 µΩ cm K −2 . The measured T-dependence is similar to that previously reported [14] but our crystals have slightly lower ρ 0 = 0.54 mΩ cm and a larger residual resistivity ratio ρ(300 K)/ρ(2 K) ≈ 12, indicating good sample quality. The optical reflectance R(ω) of K 0.02 Ba 0.98 Mn 2 As 2 at different temperatures is presented in Figure 3b . A strong temperature dependence is observed with the reflectance increasing as the temperature decreases, consistent with the formation of a metallic state. The real part of the complex optical conductivity σ 1 was determined from R(ω) via a Kramers-Kronig analysis. Below the lowest measured frequency point, the Hagen-Rubens form has been used for the reflectance, 1 − R(ω) ∝ √ ω, and above the highest-measured frequency point the reflectance was assumed to be constant up to 5 × 10 4 cm −1 , above which a free-electron 1/ω 4 response was assumed. Figure 3c shows σ 1 at selected temperatures. All the spectra exhibit clear Drude-like 
responses, expected for metals.
In order to quantitatively analyze the optical data, we fit σ 1 (ω) to the Drude-Lorentz model,
(1) where Z 0 = 377 Ω. The first term describes the freecarrier Drude response, characterized by the plasma frequency ω p = 4πne 2 /m*, where n is the carrier concentration and m* is an effective mass, and a scattering rate 1/τ . The second term corresponds to a sum of Lorentz oscillators characterized by a resonance frequency ω j , a linewidth γ j , and an oscillator strength Ω j .
We find that a single Drude term, which we assign to the doped holes introduced by K, is sufficient to describe σ 1 (Figure 3c ). This is consistent with the observation that the ordered magnetic moment associated with Mn is not reduced by K doping [27] but remains localized while the observed metallic behavior is due to the doped holes introduced by the K, as previously emphasized [28] [29] [30] [31] . These results are in sharp contrast to Ba 1−x K x Fe 2 As 2 (x=0.4), where two Drude terms corresponding to two different types of charge carriers are necessary to describe the optical conductivity, corresponding to multiple hole and electron pockets [32] . Figure 4 shows the temperature dependencies of the Drude parameters taken from our fits. The plasma frequency (Figure 4a ) is almost temperature independent, indicating that the band structure and n/m* do not change appreciably with temperature. The relatively small magnitude of the plasma frequency ≈ 1700 cm
indicates that is a 'bad metal', as expected for only 2% K doping. This plasma frequency is substantially smaller than in the related compound Ba 1−x K x Fe 2 As 2 (x = 0.4), where two Drude terms corresponding to two plasma frequencies ω p1 ≈ 6000 cm −1 and ω p2 ≈ 14 000 cm −1 are required [32] . Figure 4b presents the temperature dependence of the scattering rate of the Drude component, with 1/τ ∝ T 2 ; the dashed line denotes a T 2 fit that implies the charge carriers are described by Fermi liquid theory. The temperature dependencies of the dc optical conductivity σ 1 (ω →0), resisitivity ρ = 1/σ 1 (ω →0) and dc resisitivity from electronic transport measurements are presented in Figure 4c ,d. Excellent agreement is found between our optical resisitivity and electrical resistivity determined from transport. In both the behavior is well described by Fermi liquid theory, as previously observed and suggested to arise from hole-hole scattering [14] .
The parent state of the iron pnictide superconductors may be regarded as a Hund's metal [3, 4] and it is interesting to ask whether this is also the case for the isostructural Mn pnictide metals. There are two signature features of a Hund's metal: a reduction in the coherence scale for Fermi liquid behavior and the promotion of a metallic state away from half filling. For 2% K doped BaMn 2 As 2 our optical conductivity and transport measurements find the dc resisitivity has a Fermi-liquid like T 2 dependence at all measured temperatures. Thus, 2%   FIG. 4 . The temperature dependence of (a) the plasma frequency ωp, (b) the scattering rate 1/τ , (c) the dc conductivity σ(ω→0), and (d) the resistivity 1/σ(ω→0) and the corresponding dc resistivity from transport measurements. For clarity, the dc resistivity is offset by 1 mΩ cm compared to the same data presented in Figure 3a K doped BaMn 2 As 2 may be viewed as a system of weakly interacting quasiparticles that does not display the unusual non-Fermi liquid properties ρ(T)∝T found in the metallic Fe pnictides [33] . The optical conductivity of 2% K doped BaMn 2 As 2 is well described by hole conduction corresponding to the introduction of K dopants. This observation, combined with the result that the ordered magnetic moment remains robust in the K-doped metal [27] , suggests the emergence of a metallic state does not promote significant valence fluctuations on the Mn site. Therefore, no signatures characteristic of a possible correlated Hund's metal state have been realized in this system. Rather, K doping has transformed BaMn 2 As 2 from a local moment antiferromagnetic insulator to a local moment antiferromagnetic metal where the doped holes are responsible for the conduction. The realization of a Hund's metal and superconductivity requires the suppression of magnetic order, as well as metallization. At higher K doping in BaMn 2 As 2 itinerant ferromagnetism originating from the As 4p holes has been detected by x-ray magnetic circular dichroism (XMCD) [28, 31] . In this report we have shown that BaMn 2 As 2 is very similar to other Mn pnictide systems and we therefore speculate that the ferromagnetism reported in H doped LaMnAsO might not be associated with the Mn site [34] . Thus, doping Mn pnictide systems toward metallicity may generically lead to ferromagnetic fluctuations or even order, with limited suppression of the antiferromagnetic order. On the other hand, pressure was found to transform LaMnPO from an antiferromagnetic insulator to an antiferromagnetic metal at 20 GPa and eventually to a paramagnetic metal at 34 GPa [8, 35] while 20 GPa did not suppress the long range antiferromagnetic order in Ba 0.61 K 0.39 Mn 2 Bi 2 below 300 K [36] . In both cases, no ferromagnetism was detected and it appears to be the case that only pressure can transform Mn pnictide insulators into potentially correlated Hund's metals, a now familiar breeding ground for superconductivity.
We have reported optical transmission measurements of BaMn 2 As 2 that find insulating behavior and a charge gap of 0.86 eV. The measured charge gap is an order of magnitude larger than previously reported and of similar magnitude to that of other Mn pnictide compounds. DFT+DMFT correctly reproduces the charge gap only when Hund's coupling is included. Using these results, we present BaMn 2 As 2 as part of a wider class of layered Mn pnictide systems that we classify as Mott-Hund's insulators. We have also presented the optical conductivity of K 0.02 Ba 0.98 Mn 2 As 2 that reveals a Drude peak, characteristic of a metallic state. A Fermi liquid like temperature dependence of σ 1 (ω→0, T) and ρ(T ) suggests K 0.02 Ba 0.98 Mn 2 As 2 should not be considered a correlated Hund's metal and thus is an unlikely candidate for high temperature superconductivity. While the outlook for suppressing the local moment antiferromagnetism in these systems by chemical doping remains challenging, the possibility of suppressing the moment by pressure is more positive. We believe a closer examination of the pressure dependence of the magnetic state of layered Mn pnictide compounds, for instance using high pressure neutron scattering techniques, is warranted.
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